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Abstract 

T— I ■ 

, It is shown that the 2.6 a discrepancy between the predicted and recently measured 

\ value of the anomalous magnetic moment of positive muons could be explained 

^ • by the existence of a new light gauge boson X with a mass Mx < 0{h) GeV. 

^ . Phenomenological bounds on the X coupling are discussed. 
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The recent precise measurement of the anomalous magnetic moment of the 



CN I positive muon = {g — 2)/2 from Brookhaven AGS experiment 821 [1] gives 

5 ' result which is about 2.6a higher than the Standard Model prediction 

§: a^-^ - af^ = (43 ± 16) X 10-1° (1) 

p • This result may signals the existence of new physics beyond the Standard 

1^ ■ Model. At present the standard explanation of this result suggested in a few 

recently appeared papers is the supersymmetry with the chargino and sneu- 
trino lighter than 800 GeV [2]. Note also possible explanations related with 
^ I existence of leptoquarks [3] or existence of some exotic flavour- changing inter- 

im ■ actions [4]. All these explanations assume the existence of new particles with 

masses > O(IOO) GeV. 

In this note we suggest that the recent BNL result gives an evidence for the 
existence of the physics with new light particle. As an example of the re- 
alization of this scenario we consider the model with light gauge boson X 
[Mx < 0(5) GeV) and briefly discuss possible phenomenological implica- 
tions. 

To be concrete besides standard SUc{S)^SU{2)i^U (l)y gauge group consider 
additional U{l)x interaction which commutes with standard gauge group. In 
other words our model has SUc{S) ® SU{2)l ® U{1)y ® U{l)x gauge group. 
We assume that all quarks have the same interaction with new gauge group 



E-mail address: Sergei. Gninenko@cern.ch 
^ Nikolai. Krasnikov@cern.ch 



U{l)x but the interactions of each lepton flavour with new X-boson could be 
different. In such model the standard Higgs doublet has zero X-charge so there 
is no mixing between X-boson and Z-boson. The interaction of the X-boson 
with quarks and leptons can be written in the form 

Lx = gx[QBxB°' + QexL'^ + QfixL" + QrxL'^]Xa (2) 

where = Y^q=u,d,s,... Ql'^Q, -^e = e7"e + t'eLT^J^eL,--- • From the requirement 
of the absence of the 75 anomalies an additional constraint 3Qbx + Qex + 
QfiX + QtX = arises. The X-boson gives additional contribution to the 
anomalous magnetic moment of lepton 

c ^ Qfx(^x x^{l-x) 
' vr Jo x^ + {l-x)Ml/mf' ^ ' 

where ax = fi'x/4vr and Mx is the mass of the X-boson. We shall use the 
normalisation Q^j_x = 1- For Mx -C we find from Eq.(l) that 

ax = (2.7± 1) X 10"^ (4) 

For another limiting case Mx ^ Tn^ Eq.(l) leads to 

2 

Tfl 

= (4.1±1.5) X 10-^ (5) 

To suppress the contribution of the X-boson to the anomalous magnetic mo- 
ment of the electron we assume that Mx > 10 MeV or Q^x « Qfix- 

The phenomenology of the light X-boson has been studied in refs.[5]-[7] (see 
also [15]) where untrivial bounds on the interaction of the X-boson with quarks 
and leptons have been derived. 



Consider first possible manifestations of the X-boson in neutrino reactions. 
An account of the X-boson exchange between muon neutrino, electrons and 
quarks leads to the additional four-fermion interaction 

6L4 = 2^ l^f.Ll^l^/.LiQeXni.e + QbX J2 ^»7M?i) (6) 

mx — t . 

Here, t is the square of the momentum transfer. Consider i/^(i/^)e-scattering. 
The typical cutoff on the momentum transfer in neutrino-electron scattering 
is to ~ —400 MeV"^ and the cross section is maximal for minimal momentum 
transfer. The experimental value of the effective vector coupling of the electron 
with muon neutrino Qy' = 0.3009 ±.0015 [10]. Comparison of the contribution 

^ Experimental data on v^{i'^)e scattering lead to \Qex\ ^ 1, see Eq.(8). 
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from the effective interaction SL4 to the i^fj, — e scattering with the experimental 
data [10] leads to the bound [6] 

\Qex\9jc < (^i + 400 MeV^) x 5 • 10"^ GeV'^ (7) 

For masses Mx -C 20 MeV we find that 

iQexl <2.3-10-=' (8) 

For Mx > 20 MeV we obtain that 

|gex|<0.04 (9) 

Analysis of neutral current z/ reactions on nuclei allow to restrict value of 
\Qb\- For deep inelastic I'nN- scattering (DIS) with the minimal momentum 
transfer to — —10 GeV'^ (for this value we are sure that perturbative QCD 
works rather well) the limit on the discrepancy between the predicted and 
measured values of DIS cross section could be evaluated to be < 3 % [10]. 
This results in the bound for X-boson contribution 



gx\QBx\<5-w-'' (10) 



and gives 



\Qbx\ < 60 {Mx < m^) (11) 



\Qbx\ < 40mJ/M|. {Mx > m^) (12) 

For coherent pion production in neutrino and antineutrino scattering on nuclei 
[11] the typical minimal momentum transfer is to — —0.02 GeV^. From the 
assumption that X-boson contribution is < 25 %, which is taken as a limit 
on the difference between the experimental and theoretical values of the cross 
section [11], one can find that 

ig^xl <0(1) (Mx<m^) (13) 



\Qbx\<0{OA) {Mx:>m^) (14) 

Similar to neutrino scattering experiments possible existence of the X-boson 
could manifests itself in rare meson decays. If the X-boson is lighter than 
7r°-meson it is possible to search for it in the decay 7r° — > 7 -|- X [6,7]. The 
branching ratio of the 7r° ^ 7 -|- X is [6] 

i?r(7r° - X + 7) = l^^k^(l - ^)3 (15) 
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From the experimental bound on the branching ratio Br{'K^ — > -^^+7) < 3-10 ^ 
[9] one can find that 

\Qbx\ < 2.1 (16) 

for mx <^ rn^. The decay K ^ tt + X has been studied in ref. [12]. The 
decay width T{K — tt + X) is proportional to Mx/m^ and it is maximal 
for Mx ~ 200 MeV [12]. It appears that bound on \Qbx\ from the existing 
experimental data is weaker than the corresponding bounds coming from the 
neutrino-nuclei scattering. 

The X-boson contribution to the rare decays K — 7r/i/2, ttuP comes from the 
electromagnetic penguin diagram [13] with the replacement of the photon ex- 
change on the X-boson exchange. The corresponding flavour changing sdX 
effective interaction in full analogy with the case of the electromagnetic pen- 
guin [13] is determined by the effective vertex 

s-fd = -^^i^ ■ ^^f^ ■ D'o{xi)s{q'^-f^ - q^,q){l - -f5)d, (17) 

where Aj = V*Vid, Xi = rngjrn^ and -Do(^i) = Here, q'^ is the outgo- 

ing X-boson momentum. Using the effective vertex of Eq.(17) one can find 
that the contribution of the X-boson exchange to the K'^ — > tt'^^uP effective 
Hamiltonian is 

5H^,,{K- r. -X, ip^+p,)2_^A ^d)v--i--)v-^ (18) 

and it is much smaller (by a factor O{10~^)Qbx) than the standard model 
contribution 

to this decay. The similar situation takes place for the other K — > niijl, B 
Xg^d^y decay modes. Finally, we conclude that there is no stringent bounds 
on IQbxI from the rare meson decays. 

Finally consider bounds on X-boson couplings with electron and muon from 
the spectroscopy measurement of the Is — 2s interval in muonium {ii'^e~) 
atoms [14]. The result of this measurement can be interpreted as a measure- 
ment of the muon-electron charge ratio [14] 

^ = -1 - (1.1 ±2.1) • 10-9 (20) 

The additional interaction of muon with electron due to the X-boson exchange 
leads to the additional (in comparison with standard Coulomb potential) non- 
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relativistic interaction between electron and /i"*" meson 

SV{r) = -^^^^exp{-Mxr) (21) 
r 

For very light X-boson {Mx -C rriea) the exponential factor in Eq.(21) is 
negligible and an account of the additional interaction of Eq.(21) is equivalent 
to the standard Coulomb interaction of the electron with /i+ with muon electric 
charge equal to (5^+ = 1 + ax / a ■ Qex- So for Mx <^ niea we find from Eq. (4) 
and Eq.(20) that 

Q,x = (3 ± 5.7) ■ 10-^ (22) 

For Mx S> me<y we have exponential damping exp{—Mx/'fnea) for the X- 
boson exchange contribution to the Is — 2s energy difference of muonium and 
there is no useful bound on Qex from the muonium spectroscopy. Note that 
the spectroscopy of the hydrogen atoms is not so "clean" from the theoretical 
point of view as the muonium one due to composite nature of proton that 
prevents the extraction of stringent bounds on the interaction of the X-boson 
with quarks. 

To summarise, the existing experimental data give the most stringent bound 
on \Qex\ ^ 1 whereas the bound on IQxsl is rather weak. 

Especially interesting (in particular, from the aesthetic point of view) is the 
case when X-boson interacts only with second and third lepton generations ( 
Qbx = QeX = 0,Qfj,x = —QtX = 1) that makes the search for such particle 
quite difficult. For Mx < 2m^ the X-boson decays mainly to X — z/^z/^, Uri^r- 
For 2m^ < Mx < 2171^- the additional decay mode to opens up with 

the branching ratio ~ 0.5 if 2m^ -C Mx- For Mx > 2mj. the decay channel 
X —> rf is also opened. 

The best limit comes from the non-observation of such X-boson at LEPl in 
the decay Z — >■ /i"*"/!" -|- X, t^t~ + X. We obtain ax < O(10~^) that leads to 
the bound 

Mx < 0(5) GeV (23) 

on the X-boson mass. Note that bound (23) holds only if the X-boson explains 
the g — 2 anomaly. It is interesting that the existence of such gauge interac- 
tion prohibits diagonal neutrino Majorana masses t'^t'^ and Uri'T and allows 
non diagonal mass term z/t-z/^ before U{l)x gauge symmetry breaking. After 
U{l)x gauge symmetry breaking small diagonal terms appear that leads to 
the maximal — mixing [^j with the typical prediction Am^^^^^ -C 'ti^^- • 

We are indebted to Prof. S.L. Glashow for interesting comments on this subject. 
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The branching ratio for the /i eUe^fiX{X z/z/) is predicted to be 0(ax/'n') ~ 
O(10~^) that is too small to be observable in the nearest future. The X-boson 
could be produced in the reaction fi + N — >• fi + X + ... and be detected 
(for Mx > 2m^) through its decay into muon pair X fi~^fi~ with the 
cr(yU + N fi + X + ...)/cr(/i + N fi + ...) ~ 0{ax/T!')- Such reaction could 
be searched for, e.g. in the COMPASS experiment at CERN. 

Note that massless X-bosons could be associated with muonic(leptonic) pho- 
tons, introduced to explain conservation of the muon(lepton) number, see [15] 
and references therein. Interestingly, the existing experimental limit on cou- 
pling strength between the muonic photons and muons, < (l.l-r-2.3) x 10^*^ 
[16], is in the region of values required to explain the BNL result, = 
(2.7 ± 1.0) X 10-s. 

Although many models explaining the BNL discrepancy appeared recently, see 
e.g. [2]-[4], all of them require very high energies for their experimental tests. 
In this note the discrepancy is explained by the existence of a new weakly 
interacting light gauge X-boson, which is not excluded by the experimental 
data. This makes it still interesting for further experimental searches at present 
accelerators. 

We are grateful to Prof S.L. Glashow for his interest to our work and useful 
remarks. The work of N.V.K. has been partly supported by INTAS-CERN 
377 grant. 
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